SUMMARY A clinical study of 42 patients with essential tremor is presented. In the case of 12 patients the family history strongly suggested an autosomal dominant mode of transmission, in four the mode of inheritance was indeterminate, and the remaining 26 patients were sporadic cases without an established genetic basis. The tremor involved the upper extremities in 41 patients, the head in 25, lower limbs in 15, and trunk in two. Seven patients showed involvement of speech. Variations were found in the speed and regularity of the tremor. Leg involvement took a variety of forms: (1) direct involvement by tremor; (2) a painful limp associated with forearm tremor; (3) associated dyskinetic movements; (4) ataxia; (5) foot clubbing; and (6) evidence of peroneal muscular atrophy. Several minor symptoms hyperhidrosis, cramps, dyskinetic movements, and ataxia-were associated with essential tremor. Other features were linked phenotypically to the ataxias and system degenerations. Apart from minor alterations in tone, expression, and arm swing, features of Parkinsonism were notably absent.
Essential tremor has been recognized as an organic peculiarity of the nervous system, mimicking neurotic and neural disorders with equal facility. Many synonyms-for example, benign, hereditary, and senile tremor-describe its varied presentation. Dana (1887) regarded 'hereditary' tremor as a hitherto undescribed form of motor neurosis, and observed that it resembles to some extent the tremor of paralysis agitans, still more a simple neurasthenic tremor, and was not accompanied by paralysis or any other disturbance of nervous function. Others commented on its resemblance to hysteria (Antony and Rouvillois, 1899) and to multiple sclerosis (Bergamesco, 1907;  Dromard, 1908) , but many disordersnotably, anxiety neuroses, inebriety, druginduced tremors, diabetic tremors, chorea, and thyrotoxicosis may be simulated by essential tremor. Parkinson (1817) and Charcot (1876) distinguished between the tremors of paralysis agitans and the senile variant of essential tremor. Both types of tremor characteristically affect the upper limbs. The Parkinsonian tremor involves alternating activation of opposing groups of muscles along the axis of the limb, is present at rest and disappears with activity. That of essential tremor, regardless of age of onset, is seen predominantly in the distal parts of the upper limb (Poirier, 1970) , is more or less rhythmical, either fine or coarse, with a rate of 4 to 12 Hz. There is 365 much variation. It is occasionally present at rest and inhibited by action, but is more usually de- creased or absent at rest and present on voluntary increase in muscle tonus, as in holding a limb in a definite position (static, sustained-postural or attitude tremor) and in active movement (kinetic or intention tremor). It may be accentuated on approaching a goal in point-to-point movement (terminal tremor) (Davis and Kunkle, 1951) . In its mildest form the tremor diathesis may be no more than a kind of exaggeration of physiological tremor (Kreiss, 1912) properly managed by explanation and reassurance (Davis and Kunkle, 1951) , or it may be so severe as to require stereotactic thalamotomy (Bertrand, Hardy, Molina-Negro, and Martinez, 1969) . With the discovery of biogenic transmitter pathways for pathological tremors the need for a fuller review of the clinical manifestations of essential tremor has become more interesting and more urgent. PRESENT 
STUDY
The present study is based upon a personal series of 42 patients in North Lancashire. Originally a group of 16 patients was selected with sufficient disability to justify a crossover trial of amantadine hydrochloride in the treatment of tremor (Cox, Critchley, Schnieden, and Williams, 1971 Combining these three groups, the mean age of onset of symptoms was 35 years (Table 1) .
CLINICAL FINDINGS
The clinical examination resembled that used for the examination of Parkinsonism patients. Tone was examined by passive movement of the neck and by passive movement about the wrists and elbows simultaneously, with and without reinforcement from synkinetic movement of the opposite arm. The tremor was observed at rest, cogwheel tremor was often felt. Four patients showed titubation with evidence of torsion spasm as described by Larsson and Sjogren (1960) . Torsion spasm may begin with tremor and, in pedigrees with this disease, siblings and other relatives may have tremor as their only symptom. The evolution of torsion spasm was observed in one patient, F.K., a housewife aged 45 years. She had been under observation with a mild head tremor, which worsened with emotion and made her self-conscious on occasions, for 81 years. Then her head started to draw to the left with exacerbations of tremor. This tendency lasted a few months and finally the tremor ceased but she continued to carry her head at an angle.
Several series (cf. Nettleship, 191 1; van Bogaert and Savitsch, 1937) have included families with tremor-nystagmus. These patients probably belong to a subgroup of essential tremor. In the present series nystagmus was not seen though many patients displayed a slight hesitancy in reaching fixation and one, J.L., aged 26, who also had facial twitching, complained of slowness in focusing. A faciolabial tremor was present in only one patient but speech difficulties, related to tremor, were present in seven patients. One spoke with a thin whistle, another stammered, and five had slurring of speech; one patient claimed that amantadine loosened him up, helped his speech, and helped swallowing. Involvement of the trunk may also occur and was present in two patients, one of whom, A.B., a male aged 58, had a 10 year history of tremor with shaking of both hands, titubation, and on examination showed vertical movements of the musculature of the abdominal wall.
A striking finding in the present series was the occurrence of symptoms in the lower extremities in 15 out of the 42 patients. Involvement of the lower limbs, though mentioned as a feature of exceptional cases by Flatau (1908) , Velander (1931) , Critchley (1949) , and Larsson and Sjogren (1960) , has rarely been regarded as a concomitant of essential tremor, and in no series of unrelated individuals have so many cases been reported. This involvement may take a number of forms.
1. Spread of tremor from other parts of the body as described by Flatau (1908) .
J.D., a 67 year old factory inspector, could not date the onset of his tremor but had had basal metabolic rate (BMR) estimations in 1924 and in 1944, and by 1959 his tremor was so bad as to affect shaving, writing, and eating in public. A recent exacerbation of the tremor was accompanied by heavy nocturnal sweating. His mother and sister also had tremors.
He had a masklike expression, no glabellar tap abnormality and an alternating strabismus. There was a moderately rapid, coarse, alternating tremor in both arms and at rest all four limbs were on the move. His head was not involved. Only with synkinesis was there any suggestion of a change in tone.
2. A variable, painful limp with mild symptoms of tremor elsewhere.
H.P., a male aged 45 years, had complained of an odd gait accompanied by pain behind the right ankle for more than 20 years. When walking his foot turns in and he had to reinforce his footwear with steel bars. The limp is lessened if he relaxes or has been resting, or takes a little alcohol, and is definitely worse in front of strangers. He discovered from an aunt that his father had had a similar limp, but no other member of the family is affected.
On examination, there were a few rapid movements of the right eye on looking to the right and with posturing he showed a mild, rapid tremor of the right arm. The tone was increased in the right arm with synkinesis, but the reflexes were physiological and symmetrical and cerebellar tests were well performed. His walk was at first ungainly with a tendency to stub his right foot but as he gained confidence in the examination the limp lessened and he showed no difficulty walking on his toes, heels, or heel-to-toe.
3. Irregular dyskinetic movements associated with tremor. (1965) he had further trouble with his left leg and hands and experienced difficulty in writing. His mother and maternal grandmother had essential tremor and he found that his own tremor was improved by taking spirits, though it often worsened two days later.
He had a fixed expression and turned slowly. There was a bilateral attitudinal tremor of the upper extremities without a terminal increment and without alterations in the tone or reflexes. He was helped by amantadine but after three months the effect wore off. The placebo had no effect but mephenesin has proved beneficial.
5. Other abnormalities which suggest a continuity with other central nervous system degenerations.
Two patients from the present series had clubbed feet-an association with essential tremor previously described by Kreiss (1912 (8) (9) (10) ,ug/ml.) were observed but they remained euthyroid.
These patients, who represented a minority of the total series, formed so heterogeneous a group that it is reasonable to suppose that the metabolic disturbance was incidental, or if in any way causal, dependent upon the activation of a strong latent tendency. Nevertheless, in two patients the coexistence of an essential tremor and a metabolic disturbance presented diagnostic difficulties:
1. W.G., aged 72 years, had a long history of trembling beginning before 1939 and affecting both arms, particularly the right. In the past two years he has been unable to take tea in a cafe or to sign his name on official forms and has developed a mild dysarthria. He volunteered that the only time he gets relief is if he has two pints of beer, after which he feels champion.
His blood pressure was 170/100 mmHg and had been at this level for many years. In 1967 he was found to have glycosuria in a diabetic detection drive and in 1970 showed a lag storage glucose tolerance curve. His PBI was 5-3 ,ug/ml. Benzhexol did not help and amantadine worsened the tremor. He had a digital tremor of an action and sustained-postural type without reflex or tone change.
2. G.H., aged 64 years, had been a diabetic receiving insulin for 20 years, had had two gastrectomy operations and was treated with streptomycin in 1959 for pulmonary tuberculosis. Eight months ago his hands started shaking. There was a family history of diabetes and also a family history, separate from this, of tremor affecting his mother and maternal grandmother.
He shakes his hand, head, and mouth and occasionally his right arm. He has difficulty writing and shaving and sometimes has to put things aside for signing until he is feeling particularly well. If he takes alcohol he finds the tremor is better.
He showed bilateral ptosis, an inexpressive face, a little cogwheel tremor in his neck and, with reinforcement, an alteration in tone in his arms. The tremor was rapid with brisk reflexes and without true rigidity or bradykinesia. The blood pressure was 170/100 mmHg. His writing was improved on amantadine 200 mg daily and he was able to carry out his offices as a priest with less embarrassment. THE PLACE OF TREATMENT Caution must be properly exercised in attempting to treat a condition which may be lifelong and in which the ultimate prognosis qua incapacity is considerably better than it is in Parkinsonism; but not infrequently the patient finds that the tremor is seriously interfering with his life (Kelly, 1965) . In childhood, school failure may result from an inability to write properly due to the tremor (Ford, 1966) . Adults may develop neuroses-for example, being unable to have their hair cut in public (Blacker, Bertrand, Martinez, Hardy, and Molina-Negro, 1968 ; also F.W. from the present series)-or have to leave their occupation because of incapacity arising as a direct result of their tremor-A.S. could not continue in his post as airport comptroller as his tremor worsened whenever an aircraft landed awkwardly; a lorrydriver, F.R., experienced difficulty pulling the steering wheel round sharp corners and in fixing the ropes and tarpaulin over his load; and a toolmaker, R.F., retired prematurely at 56 years of age because he was unable to use a screwdriver. Two patients were invalided out of the armed forces, and several others, working as salesmen or business executives, sought treatment because the tremor was damaging their prospects of promotion.
The most successful drug for intermittent use in the control of tremor is mephenesin. Kelly Hoehn and Yahr's (1967) study of the natural history of Parkinsonism. From the total group of 856 patients they found it necessary to exclude 54 patients-15 because of incorrect information or inaccurate diagnosis and 39 because they were found to have essential or familial tremor with 'none of the classical signs of Parkinsonism'. Thus approximately 4-500 of patients referred as having Parkinsonism had essential tremor. In the present series four patients came with a diagnosis of Parkinsonism, compared with 103 patients seen personally over the same period correctly diagnosed as having Parkinsonism. The percentage figure corresponds with that of Hoehn and Yahr; but, out of a total of 42 patients seen with essential tremor, less than 10% were incorrectly labelled as Parkinsonism. Most patients were referred for diagnosis and treatment, two were considered to have multiple sclerosis, three anxiety states, and one thyrotoxicosis. These observations contrast with the study of 14 cases of benign essential tremor (Davis and Kunkle, 1951) , the majority of whom had previously received the diagnosis of paralysis agitans.
DISCUSSION
The evidence for an autosomal dominant form of essential tremor (Davis and Kunkle, 1951; Larsson and Sjogren, 1960 ) is conclusive and many of the patients in the present study conform to this mode of inheritance. Sporadic cases are well recognized and by no means rare (Marshall, 1962) . Their interpretation is open to dispute. In 1949 Macdonald Critchley felt it probable that more than one type of inheritance was concerned but it could be that sporadic cases arise where the predisposition to essential tremor is inherited as a dominant gene and the degree of penetrance is variable; thus Jager and King (1955) found many instances of hereditary tremor which would have been overlooked on the basis of history taking. The hypothesis of a genetic predisposition or 'inferiority of the nervous system' (Kreiss, 1912) would explain how, in some cases, a subclinical metabolic or vascular derangement could result in an irreversible tremor diathesis by exploitation of an intrinsic defect, for example, through an impairment of a dampening mechanism concerned in the control of physiological tremor as suggested by Marshall (1962) .
Advances in the histochemistry (Birkmayer and Hornykiewicz, 1961) and therapy of Parkinsonism have made the separation of essential tremor from Parkinsonism less dependent upon an arbitrary clinical differentiation as propounded by Hoehn and Yahr (1967) , even though the histological basis of essential tremor is still unknown (Herskovits and Blackwood, 1969) . A further longitudinal separation may be arrived at from the natural history of the two conditions. Essential tremor arises as an exaggeration of physiological tremor (Kreiss, 1912) with episodic increases in amplitude occurring against a background of tremor of the same frequency but of lower amplitude (Marshall, 1962) . As the malady worsens, there is much variation in the regularity of the wave form and in the severity and spread of the tremor; thus patients may present different types of tremor, either concomitantly or in succession, as the disease progresses (Poirier, 1970) . It is this syndromic variation which makes the experimental simulation of essential tremor so fallible.
Peripheral mechanisms concerned in the production of physiological tremor have been extensively studied and it is held that many forms of metabolic tremor result from activation of peripheral ,B-adrenergic receptors (Marsden, Foley, Owen, and McAllister, 1967) . Activation of these receptors may account for the tremors of thyrotoxicosis, anxiety states, and hypertension; but adrenergic receptor blockade is not of consistent therapeutic value in the treatment of essential tremor. The same receptors are involved in hypoglycaemic tremor but their role in diabetic tremor-seen in a small percentage of diabetic subjects-is poorly understood. An alternative explanation, frequently advanced, is that this tremor arises as a result of the premature atherosclerosis of the diabetic subject, despite the evidence ofCharcot (1876), Barker (1939) , and Critchley (1956) that tremor is a rare manifestation of the ageing process, Furthermore, it is reasonable to assert that, apart from the condition of 'arteriosclerotic' Parkinsonism, in which atherosclerotic changes are seen in the central nervous system concurrently with cellular changes and enzymic depletion, it is parenchymatous, not arteriosclerotic, degeneration which results in tremor.
To many authors (cf. Davis and Kunkle, 1951; Jager and King, 1955) essential tremor is a monosymptomatic condition; but the more widely based series (Critchley, 1949; Larsson and Sjogren, 1960; and Bertrand et al., 1969b) agree in that 'the presence of associated neurological signs (e.g. spasmodic torticollis) in addition to tremor does not necessarily negate the diagnosis of essential tremor' (Blacker et al., 1968) . The evidence presented by Larsson and Sjogren relates to a closed community-namely, a Swedish parish in which, with two exceptions, all 210 371 Edmund Critclhley cases could be traced back to four ancestral couples. Additional neurological symptoms were found in 17 out of 81 cases. They also observed rigidity of spasmus mobilis type which was inconstant and of relatively slight degree. In 16 cases the gait was stiff but there were no symptoms of akinesia or any tendency to pulsion. It is possible that in Larsson and Sjogren's somewhat inbred population the additional neuropathic features represented the chance association of genes, but additional neurological signs associated with essential tremor are also seen in random cases and Critchley (1949) found it necessary to refer to essential tremor and its clinical variants. In the present series particular attention was paid to minimal signs of Parkinsonism and to additional neurological factors. These signs were frequently observed. No patients, however, showed a positive glabellar tap phenomenon and no manifestations were more striking than those referred to by Larsson and Sjogren. Neither the signs of Parkinsonism nor the other neurological signs were more prevalent in the inherited or sporadic groups.
The relationship of the associated neurological signs seen in patients with essential tremor and the ataxias has been subject to much discussion, notably by Macdonald Critchley. Critchley and Greenfield (1948) held that in some cases essential tremor might represent a forme fruste of a presenile atrophy such as olivopontocerebellar atrophy. It is more probable that these conditions are the result of quite different genes, although the clinical (phenotypic) manifestations often show similarities or overlap. I wish to thank Professor H. Schnieden and Dr. P. K. Thomas for advice in the preparation of the manuscript.
